 1  3 
elements, which will provide new impetus for research on the genome evolution of The constructing of 4nAT BAC library.
1 1 2
Blood samples (10 ml) from five allotetraploid individuals from the 20 th generation 1 1 3 are used to construct a BAC library according to a previously described method 1 1 4 (Wang et al. 2015) . The allotetraploid fish are obtained from the Engineering To better explore the mechanism of recombination that resulted from repetitive conducted. In addition, we analyze the differences among the rates of recombinations The BAC library of allotetraploid hybrids has been constructed and 19 full-length We identify 480 TRs, of which 44 (9.17%) are related to recombination ( Figure   1 7 6 9 2A). The results show that the most abundant type of tandem repeats is A/T, whose 1 7 7 total number is much larger than that of G/C. The total content of the TRs in 4nAT is 1 7 8
negatively correlated with the length of the repeat unit. The statistics confirm that the 1 7 9
numbers of chimeras in 4nAT linked to mono, di, tri, and tetra-nucleotide repeats are 1 8 0 11, 24, 2 and 2, respectively. Among the chimeras link to TRs, the numbers of that the recombination rate relate to di-nucleotide repeats is significantly higher than 1 8 9
the recombination rates relate to the other three types of TRs and there are no 1 9 0 remarkable differences among the three other recombination rates ( Figure 2C ). maximum density (4nAT-150D6) is 6.9 times greater than the minimum (4nAT-150B4) are 2, 2, 18 and 1, respectively ( Figure 3A ) and the rate of recombination in the above 1 9 7
four situations shows no significant differences (u < u0.05 = 1.645, Figure 3C ). In this study, we confirm that repetitive elements are closely link to recombination. In Chimeras link to TRs and TEs. showed in Figure 4，and their specific structures are showed in Figures S1-S4. In Figures S1, S2 and S4), and according to our statistics, 29.55% of the chimeras have 2 1 7
these "little tails" of various lengths. Twenty-three (10.60%) of 217 TE loci are detected to have experienced 2 1 9
recombinations. Among them, 12 are DNA transposons and 11 are retrotransposons.
Chimeras related to TEs also have four models showed in Figure 4 and their specific Insertion and deletion of TEs. Comparing the BAC sequences with the homologous sequences of both progenitors, detected insert into 4nAT-150D6 and a LINE1-2 sequence is deleted in 4nAT-150D6. Chimeras in FN1 Gene.
3 6
There is only one chimera detected at non-repetitive element loci among the 19 BAC structure. Figure 6 shows the structure of FN1 Gene in BAC 4nAT-10C4. Repetitive elements in 4nAT genome.
4 8
Repetitive elements exist extensively in the genome and have important effect on 2 4 9 genomic instability. Therefore, studying repetitive elements can help to understand the 2 5 0 evolution of polyploid genomes. The content of repetitive elements is always a 2 5 1 subject of major concern for many researchers. In the processes of cloning and linked to each other (Sang et al. 1995; Wendel et al. 1995) . Genomic variation is thus 2 8 0 complicated by the interplay among different gene families and repetitive elements. and Dmc1), which are an integral part of mitosis and meiosis and ensure the stability 2 9 1 of karyotypes. On the other hand, there was a hypothesis that homeologous 2 9 2 recombination can be markedly decreased due to sequence divergence (Li et al. 2006 ). karyotypes and may even result in aberrant meiotic behavior (Gaeta and Chris 2010).
9 6
In some polyploids, however, recombination of homoeologous loci is required for double-strand breaks (Szostak et al. 1983) ; however, given the current data, we do not repeats, transposable elements or satellite sequences could initiate recombination and 3 0 8 repetitive elements have been detected in many species of eukaryote, recombination 3 1 2 between ectopic loci seems to be inevitable. The instability of repetitive elements and 3 1 3 the intervention of recombinase both can benefit the recombination and produce the 3 1 4
chimeras in the hybridization of allotetraploid fish. Although the main driver of recombination between any two sequences is homology 3 1 8
(Naranjo and Corredor 2008), we find that recombination do not happen most for example, slipped-strand mispairing (SSM) was proposed as the main mechanism 3 2 2 of TRs evolution (Levinson and Gutman 1987) . Under this mechanism, shorter 3 2 3 repeats become longer and the incidence of noncontiguous SSM increases as the with this trend. According to the studies on yeast, Drosophila and humans, the 3 2 6
incidence of SSM of di-nucleotide TRs is the highest and the rate of chimera related 3 2 7
to di-nucleotide TRs in the present research is exactly the highest and this suggest that chimeras related to TRs are linked to SSM evolutionary mechanism. There is no 3 2 9
objection to that the TRs are unstable in the genomes. During the process of DNA replication, DSB (double-strand break) is more likely occur at TR locus and then the 3 3 1 chimera is formed through recombination between different sequences in the process sequence of 4nAT is the lowest. TEs have a sustained impact on genome evolution; for example, they are important The presence of the DNA chimeras found in the polyploid animal derived from the reduce the genomic shock effects and favore the adaptive capacity of the 
